The influence on pituitary function of 6 weeks of training on 6 days a week was examined in six recreational athletes. Endurance training on a bicycle ergometer for 31-33 min was performed on 4 days each week at 90-96% (weeks 1-3) and 89-92% (weeks 4-6) of the 4 mmol lactate thresholds determined on day 0 and day 21, respectively, with interval training of 3-5 x 3-5 min in addition on 2 days a week at 117-127% and 115-110%, respectively. Determination of the serum hormone levels and a combined pituitary function test (200 [ig thyrotropin releasing hormone (TRH), 100 [tg gonadotrophin-releasing hormone (GnRH), 100 [tg corticotrophin releasing hormone (CRH), 50 [tg growth hormone releasing hormone (GHRH)) were made before training, after 6 weeks of training and after another 3 weeks of recovery. Training increased performance at 2 mmol lactate by 25%, at 4 mmol by 12%, and maximum performance by approximately 12%. The releasing hormone-stimulable prolactin, thyroid stimulating hormone (TSH) and somatotrophic hormone (STH) synthesis-secretion capacity remained unchanged, the adrenocorticotrophic hormone (ACTH) was increased after training. Cortisol release was reduced, folliclestimulating hormone (FSH)-synthesis-secretion capacity was increased after training, and the luteinizing hormone (LH)-synthesis-secretion capacity reduced. This had no influence on base or exercise-induced serum hormone levels (cortisol, aldosterone, insulin, prolactin, FSH, LH, TSH, ACTH, ADH and STH), which showed no dependence on training, except for free testosterone which showed a decreasing trend (P < 0.10) of 19-25% and post-exercise ACTH which showed an increasing trend of 33% (P < 0.10). Conditioning (cortisol sensitivity and ACTH response) or adaptation (FSH and LH responses) to changed testosterone serum levels and altered spermatogenesis is discussed. 
hypothalamic and not a pituitary dysfunction, since luteinizing hormone releasing factor (LHRF) and TRH-induced LH, TSH and prolactin responses corresponded to that in well trained athletes. But Keizer et al.4 also describe signs of pituitary impairment with reduced CRH-dependent P-endorphin release after exhaustive training. Hackney et al. 5 found a higher metoclopramide-induced prolactin release and reduced LHRF-dependent LH release in non-overtrained marathon runners than in untrained controls; the base LH levels of the marathon runners tended to be higher, and the base levels of free testosterone lower than in untrained controls. Wheeler et al. observed unchanged single-sample LH and FSH levels and LH pulsatile release with significantly lower levels of prolactin, cortisol and total testosterone after 6 months of race training6. The reduced testosterone levels are therefore not attributable to reduced gonadotrophin secretion or excessive cortisol levels.
The object of this investigation was the prospective, experimental study of pituitary adaptation to physical training in previously untrained or lesstrained individuals. For this, a global pituitary function test was performed before starting training, after 6 weeks of training on 6 days each week, and after another training-free period of 3 weeks. The influence of experimental overtraining on pituitary function is to be examined in subsequent studies.
Subjects and methods

Subjects
Seven medical or dental students who participate in sports 1-2h per week were enrolled in this study. Anthropometric data and maximum oxygen uptake capacity are presented in Table 1 . The subjects were and 92% (weeks 4-6) of the 4 mmol lactate performance at baseline examination (day 0) or interim examination (day 21). Interval training of 3-5 x 3-5 min was performed 2 days each week on average with 117%, 124% and 127%, or 115%, 116% and 110% (Table 2) . Detailed information on the duration of training is given in Table 2 . Initial exercise phases of 10 min at approximately 50%, interim exercise of 5min at approximately 30% (only in the interval training) and final exercise phases of 10 min at approximately 30% of maximum performance are not reflected in the times cited. Well-being, body weight, heart rate on waking and training were entered in a diary daily by the subjects and the general well-being rated according to an index. Index 1 indicates no complaints, 2 indicates mild, 3 considerable complaints, such as fatigue and muscular stiffness causing reduction in training, and index 4 severe complaints causing termination of training.
Diet
The usual diet was maintained and entered in a protocol every 2-3 days. Medications, food concentrates, mineral drinks, vitamin tablets, etc. were not permitted. None of the subjects smoked, and usual alcohol consumption was permitted. The dietary protocols were evaluated using a computer7 8. 
Results
The results are summarized in Tables 1-6 and presented graphically in Figures 1-3 . After about 3 Body weight (kg) 79 (7) 80 (8) 80 (10) Heart rate (beats min-') Resting 58 (7) 52 (8) 55 (10) Before exercise* 72 (9) 75 (11) 83 (7) Submaximum exerciset 145 (19) 141 (10) 152 (27) Maximum exercise*
190 (12) 187 (7) 186 (12) Values are mean(s.d.). *Sitting; tWorkload 200 watts; *See Table 5 weeks of training one subject became ill with a febrile catarrhal infection; frequent ventricular extrasystoles occurred and the subject dropped out of the study for this reason. Body weight (Table 3 ) and heart rate on waking, before exercise, at the same submaximum exercise level and during maximum exercise remained constant (Table 3 ). The dietary data are shown in Table 4 and training data in Table 2 .
Training improved performance significantly after 3 weeks at 2 and 4 mmol I1 lactate. Performance at 2 mmol lactate had decreased again after 6 weeks of training, but was further improved at 4 mmol. The maximum performance increased by about 40 watts (Table 5 ). Performance at 2 mmol and 4 mmol lactate was slightly decreased after the subsequent 3 training-free weeks; the decrease in maximum performance was more pronounced (Table 5) , probably due to lower motivation to reach peak exercise. The mean(s.d.) complaint index in the first week was 1.3(0.3), in the third week 1.51(0.8) and in the sixth week 1.70(0.9); this change was not significant.
Hormone levels
The basal hormone levels and concentrations following maximum exercise were unchanged at the various examination times (Table 6 ); the decrease in free testosterone did not reach a statistically significant level.
Pituitary function test
The releasing hormones produced a significant increase in ACTH (Figure 1) , STH, TSH, prolactin (Figure 2 ), LH and FSH (Figure 3) , ACTH is shown relative to increase in cortisol (Figure 1) , and LH to increase in free testosterone after 60 and 90 min ( Figure 3 ). ACTH release was elevated after 6 weeks of training and LH release was reduced (Figures 1 and  3 ). These changes were still observed after 3 weeks of recovery. At that time, FSH release was also elevated (Figure 3 ). Cortisol release (Figure 1 ) was significantly reduced after 6 weeks of training and 3 weeks of recovery, free testosterone showed a comparable tendency (Figure 3 ), but the data were widely scattered and differences were not statistically significant. STH, TSH and prolactin release did not show any training-related changes (Figure 2 ).
Discussion
The training routine improved submaximum and maximum performance (Table 5 ). The data can, however, only be compared with other experimental studies to a limited degree due to different training programmes and initial performance capacity (among others1015). Imyrovement in maximum oxygen uptake by 13%11, 15%1o, 22%15, 27%14 and 40%13 has been reported in endurance training of 20 weeks, 4 days a week1, 12 weeks, 5 days a week12, 7 weeks, 4 days a weekl1, 7 weeks, 7 days a week15, 20 weeks, 3 days a week14 and 10 weeks, 6 days a week13. The mean initial oxygen uptake was 45 , 41 1 4210, 4515 3314, and 39mlkg-1min-1 (Reference 13), and was thus considerably lower than in this present study (Table 1 ). The improvement of submaximum and maximum performance depends on the intensity, frequency, duration, period of training, initial performance capacity and genetic predisposition (among others11 13,1 ). The higher the initial performance and the lower the genetically determined reserves, the more difficult it is to attain additional, trainingrelated improvement in performance17'18 and the narrower the margin to overtraining2'3'17' 18. (Table 6) . A 19-25% decrease (P < 0.10) in free serum testosterone and an approximately 33% increase in postexercise ACTH concentration, however, cannot be overlooked. The scope of training, and performance level attained, were probably too low to confirm the demonstrable, clear group differences in base hormone levels between high-endurance trained athletes19 and the recreational athletes in this study (Table 6) as being primarily training-related (Figures 4,  5) . The base levels of LH, FSH and STH are higher in high-endurance trained individuals -based on this cross-sectional comparison -and base levels of serum prolactin, aldosterone, insulin and free testosterone are lower, than in the recreational athletes examined (Figure 4) . The concentrations after maximum exercise showed no significant group differences, or remained constant for the gonadotrophin levels ( Figure 5) (Figures  1-3) , which is more a test of the maximum pituitary synthesis secretion capacity, as opposed to the observed base or postexercise serum hormone levels ( Table 6 ). The CRH-stimulated pituitary ACTH release is significantly lower after training with reduced ACTH-dependent adrenal cortisol release. It appears hardly plausible to assume that overexertion of the adrenal cortex can be the underlying cause as the subjects had only performed moderate training (in both volume and duration). An increase in cortisol sensitivity of the organism, combined with a reduction in cortisol demand, is more likely. Such an endurance training-related adaptation mechanism has also been discussed for catecholamines20' 21 The elevated GnRH-dependent FSH secretion after training may result from a lower testicular inhibin secretion as a result of altered spermatogenesis24, as has been observed in endurance-trained athletes25.
The trend towards lower testosterone levels may also promote a reduction in spermatogenesis (intratesticular free testosterone) and an increase in pituitary GnRH sensitivity (circulating free testosterone24 26). These observed changes refer only to the range of maximum pituitary FSH response since the serum levels before and after exercise remain unchanged ( 
